1 IMPROVED METHOD OF STRIPPING HOT MELT ETCH RESISTS FROM SEMICONDUCTORS

This application claims the benefit of priority under 35 U.S.C. 119(e) to U.S. Provisional Application No.
61/385,071, filed September 21, 2010, the entire dontents of which application are incorporated herein by
reference. The present invention is directed to an improved method of stripping hot melt etch resists
from semiconductors with an alkaline stripper. More specifically, the present invention is directed to an
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does not compromise e semiconductor. € manufacture of semiconductor
devices, such as photovoltaics and solar cBE)M IKVOMNER G @RBation of electrically conductive contacts or

current tracks on front an_d back sid_es of semicor)ducto_rs._The metal current tracks must be able to
establish ohmic Doistapphiddiion claimisdhelaoefit of duiomtyd@iuss 1 thaddé Yariers émerge from the
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metallized contact grids must have adequate current conductivities, i.e. a high conductivity or a sufficiently
high conéwgiiratiackasiicesetitaied hrighdpyUsigretesses exist for metal coating the back side of solar
cells. Usually aluminum is the choice of metal for the back side. The aluminum is applied, for example, by

vapor depositior] Be ByasaRbipveRt@ditsltrReigstiosiie mRECYERIPE e RN gl ket el fictdesisitngs
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include metal particles and are electrically conductive as a result. The pastes are applied by screen,

mask, padiliSeHRmh SR HHBR Qwash B ethashahiipRiBa N aFHRREKY eSS JEpar SRR BEsRES Wikhare
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grid width electrical conductivity losses are evident in comparison with a pure metal structure. This can

have an adverseTeffegipnthersrsies seistanea@od d@(@é&ﬂ'é@%ﬁb%ﬁﬁ@iﬁﬂﬁd gblhecglar cell. This
effect is intensified at smaller printed-on conductor track widths because the process causes the
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particles spRsfigtceaidbdamanial CRuSeiHNsUieEHERARBRAWECHYI® to establish ohmic contact with

the semiconductor in order to ensure that chargeecsemerge from the semiconductor into the
electrically conductive contacts without interfezen In order to avoid current loss, metallized
contact grids must have adequate current condtiesiyi.e. a high conductivity or a sufficiently
high conductor track cross section.

Numerous processes exist for metal ngatie back side of solar cells. Usually
aluminum is the choice of metal for the back sidae aluminum is applied, for example, by
vapor deposition or by being printed onto the bside and being driven in or alloyed in. Metal
coatings using thick-film techniques are converdlanethods for metallizing conductor tracks.
Pastes used include metal particles and are @altyrconductive as a result. The pastes are
applied by screen, mask, pad printing or pastamngritA commonly used process is the screen
printing process where finger-shaped metal codtiveg having a minimum line width of 8t
to 10um are made. Even at this grid width electricaldranivity losses are evident in
comparison with a pure metal structure. This caretan adverse effect on the series resistance
and on the fill factor and efficiency of the sotal. This effect is intensified at smaller pridite
on conductor track widths because the process salnise&onductor tracks to become flatter.
Nonconductive oxide and glass components betweeem#tal particles constitute a fundamental

cause of this reduced conductivity.



2  When metal coating the front sides, or light incidence sides, the objective is to use as much of the
surface as possible for capturing photons. Complex processes for producing the front side contacts make
use of laser and other imaging techniques for the fiefinition of the conductor track structures. The front
side of the semiconductor may be subjected to crystal-oriented texture etching in order to impart to the
surface an improved light incidence geometry which reduces reflections. To produce the semiconductor
junction, phosphar Iffusjon or ion,implantation tz@lﬁﬁ lace an the fro siéj . of the semicondugior to
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techniques, such as by various vapor deposition methods, for example, chemicalvapor deposition and
physical telfeetdesositoprodugmtbp asngoongatttonjistiphussgherd odithsivborarsioke iMpaptatem reaches
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;
be used to form the pattern, as, but not imite ation, mechanical means, chiemical and
masking proviesseteTspivilatibmioalvetit ar2Skingcpasce fkespecudgisslstiydlg egiplyitorasiiieal or
etch resi%tﬁﬁﬁé?%g material on the front of the semiconductor, followed by applying the etch material
to form openings in the anti-reflective layer. An example of a chemical or etch method of forming an

opening on the f&ﬂ”&rﬂﬁ%fﬁ:@fﬁ}@r_&%&ﬂﬂ%arsb&g&é%dt@ﬁ%eff‘dﬁiégﬁjgﬁ{ﬁ%ﬂ’éﬂ?@r?tﬁhﬁadﬁﬁ%iﬂ’?@JQﬁtP“e or

more inorganic acids in combination with a buffering agent, such as an ammonium compound. After
etching theflecisreiseRiRdyIRNSRE B9cR RPARYANICA BRsaeUNMNEFRTIRMENS ROgEMEFANaiuERne
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semiconductor. Stripping is typically done by immersing the entire semiconductor with the mask in the

alkaline sofifiRanst slicpidyiigeHaygsmidonhecteregringaLines inis soriNuMbATepHex R ANSkaline
stripping SAKUAD Lo8tARITREYRINE SXRATEAFSAISCRAIALWARIF Heeta6aten %Hﬁ ABe s back side

3 aluminum electrode compromising the electrical integrity of the semiconductor. [n order to achieve
metallizalRSHBIHESe SHERAPIRKY A OUSINERRITHRR IR LI BANBH FRILSXG2RIE tRBeIARhVAR @lectrodes must

be sufficiggﬂggggq%y%hlygwgv\%pgmpgﬁmppers, such as sodium hydroxide and potassium

hydroxide, increase the shéet resistivity of the semiconductor and also cause corrosion of the aluminum
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metallization of the front side of the semiconductor resulting in reduced ohmic contact between the
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and masking processes. Typical chemical and mggkimcesses include selectively applying
chemical or etch resistant masking material orfritve of the semiconductor, followed by
applying the etch material to form openings indhé-reflective layer. An example of a
chemical or etch method of forming an opening anftbnt side is etching with a buffered oxide
etch. Buffered oxide etches may include one orenmoorganic acids in combination with a
buffering agent, such as an ammonium compounder &tching the mask is usually removed
prior to metallization of the current tracks. lengral alkaline solutions which include sodium or
potassium hydroxide are used to remove or striprtagk from the semiconductor. Stripping is
typically done by immersing the entire semiconduetith the mask in the alkaline solution or
by spraying the semiconductor with the alkalinaigoh. In either case the alkaline stripping

solution contacts both the exposed semiconductersvimetallization is done and the back side



Methods include: a) providing a semiconductor substrate including a PN junction, an anti-reflective
coating on a front side and an electrode comprising aluminum on a back side of the semiconductor
substrate with the PN junction; b) selectively applying a hot melt etch resist to the anti-reflective coating
on the semiconductor substrate with the PN junction; c) applying an etchant to exposed portions of the
anti-reflective coating of the semiconductor substrate with the PN junction to remove the exposed portions
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the PN junction; an applying a stripperswhich includes potassium carbonate and potassium silicate to
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potassium carbonate and potassium In the methods readily remov ot melt etch resists
from the ss-reNecorgdinglytitigs @ issaloetvefendtairifosms otitie wbishd Haikilsdndiease aifishestes and at

the same[#]% Qoiné COFRRL ﬁgép&ﬁmigi@&%&éy of the semiconductor substrate with the PN

junction. The sheet resistance of t ont e semiconductor substrate with the PN junction remains
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of the front of the semiconductor substrate t6 form current tracks. In addition, the strippers do not cause
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semiconductor into the electrically conductive current tracks without interference to provide the desired
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"composition” and "bath" are used interchangeably. The indéfinite articles "a" and "an" are intended to

include bBMN iRCERI iPareaneMP NG PSPOTRE RAFHORS etiRB RIS HaRting and $Rieablition of a
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which is not physically or chemically altered by etchants containin_% inorganic or organic he term
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following abbreviations have the following meanings unless the context clearly indicates otherwise: C =
degrees Celsiusvigth@iaasonsciigul gy pisniaRy 2 Gmmeeissr dubiratd ke amerale (PRecEdh04 poise
=1.02x10 4 kps/m2; A = amperes; dm = decimeter; jim = micrometers; nm = nanometers; and UV = ultra
violet.  Selective emitter on'a front side and an electamaprising aluminum on a back side of the
semiconductor substrate with the PN junction; gdeely applying a hot melt etch resist to the
selective emitter on the semiconductor substratie the PN junction; c) applying an etchant to
exposed portions of the selective emitter withRiNejunction to etch the exposed portions; and
d) applying a stripper which includes potassiunboaate and potassium silicate to the
semiconductor substrate with the PN junction toaeethe hot melt etch resist from the

selective emitter.

The stripper compositions which inclymgassium carbonate and potassium silicate used
in the methods readily remove the hot melt etctste$érom the anti-reflective coatings or

selective emitter layers of the doped semicondusibstrates and at the same time do not



All percentages and ratios are by weight unless otherwise indicated. All ranges are inclusive and
combinable in any order except where it is clear that such numerical ranges are constrained to add up to
100%.  Stripper compositions include the combihation of potassium carbonate and potassium silicate in
an aqueous solution. The stripper is used to remove substantially all of the hot melt resist on a
semiconductor substrate having a PN junction used in the manufacture of photovoltaics and solar cells.
The potagsium sarkanale and e naiaasihm siieate do pokeubsanialifcieasss sheet regigtance of
the semiconductor orf cause corrosion of aluminum 5 containing electrodes on the back side of the
semicondiheter msistaatetofdommamisktite sentootidimiPetcatelindly thenfPdhjuratics depwsitsd on the front
side of th ' cto igien ' ' e icor: r surf itfter layer to
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as concepir. h i 0 trati Told cation. T ific dilytio y vary
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excludedseonctins strippevksiigiosidmeor thrgdylikoi] ciepomnepotact isHchimmddorepsirish b eledegarical
Integrity %BP@%&‘?&F.H%C@Q%% ?H%%%%‘?Fb}%fcﬁé?t%ﬁ%{?ﬁ‘f‘e{h%&ﬁ|¥'}80§¥HBB&&§8WP&RHP QpiRgafly: one
or more antifoaming agents may be included in the stripper compositions; however, the choice o
antifoaminteyferstnagbistaniosinecihesiesiice ehectlicalriumidhitegrity of the semiconductor substrate. The
stripper composition is used in the manufacture of photovoltaics and solar cells which may be composed

of monocrystallifé, lﬂﬁﬂﬁc_ﬂy@umh@%ﬁ@ﬁ]6%@5%%@%7@!@@@@&69\7@&@%“@ € gesshiption
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gallium-arsenide, silicon-germanium, and germanium watfers, may also be used. When silicon wafers are

used, thepfisicanymesdian-gpe hatk’ aigikged inteiehsaiie bhar wdefiiita@gKiaecadasdraubstrate
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Such back side metallization may be provided by a variety of techniques known in the art. Typically, an

aluminunthedalerpsitigspnta atrriBher@ifR ih IRETHISHET arcaronicelyRBRigetiVBalgmm @it haste or
may be 6}'@&%’@%&%@%‘%a;éﬁi?owmm@’;ﬁi?ﬁﬁ%ﬁ%@ﬁﬁ%@ﬁﬁé&ﬂgﬂéﬁték@@ By St SHeaRiiagium,

copper, zinc or tin. Such conductive pastes typically includé conductive particleS of the metal embedded
in a glasdNAEARIGR arfariadie bindEReTRER ORYAQRRNGRESH ¢ RrNaisplica TPeENsUNEREREBYL &'

variety ofiEeRREIURS afHAP HERREPHOIRE: AHethemesicciicrRiRing teistbteth BrepR @yesHigrarganic
binder. Firing is typically done at temperatures of 600 C to 800 C. When a conductive paste containing
aluminunﬁh@%@@g?tW@%fﬂNﬁfmfb&FﬁHsz}ffuses into the back side of the substrate, or if used in paste

form containing silver or another metal, may alloy with the silver or the other metal. Use of such
aluminum-contaTﬁ]ﬁé%ME‘%é?breV'at'ons have the following meys unless the context clearly

indicates otherwise: °C = degrees Celsius; g mgrang = milligrams; cps = centipoise, 1 cps =

1x10° pascals (Pas) = 0.01 poise = 1.02%kfs/nf; A = amperes; dm = decimetem =

micrometers; nm = nanometers; and UV = ultra violet

All percentages and ratios are by weight unlessratise indicated. All ranges are
inclusive and combinable in any order except wiitageclear that such numerical ranges are

constrained to add up to 100%.

Stripper compositions include the comabion of potassium carbonate and potassium
silicate in an aqueous solution. The strippersisduto remove substantially all of the hot melt
resist on a semiconductor substrate having a P&tipmused in the manufacture of
photovoltaics and solar cells. The potassium gaat®wand the potassium silicate do not

substantially increase the sheet resistance afahreconductor or cause corrosion of aluminum



6 improve the resistive contact and provide a "p+"-doped region. Heavily doped "p+"-type regions
("p++"-type regions) by previous application of aluminum or boron with subsequent interdiffusion may also
be produced. Typically, heavily doped "p+"-type regions are made. The front side of the substrate
may be subjected to crystal-oriented texture etching in order to impart to the surface an improved light
incidence geometry which reduces reflections. To produce the semiconductor junction, phosphorus

diffusion Qr ion implantation, tak lace he fr i the wafer.to produ n n-do (n+ or n++)
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12 cps. theTeledtiiget priagrity atthesemnigerdaciontitgists inkjet method or a drop-on-demand method.

The continuous method is a printing method where the direction of the etch resist is adjusted by changing
an electromagnéhi€ feItPRATIECFBRARIINSIY {eaH dneecfopneeti BRIy plRigs Ine Wiﬁl’-éﬂ”éemand is a

method wWilekh disREREESID 648 GiSiEb RBBHLRERRESBEARR br'amorphous silicon semiconductor

wafers. While the description below is with regardilicon semiconductor wafers, other
suitable semiconductor substrates, such as gabig®nide, silicon-germanium, and germanium
wafers, may also be used. When silicon wafersised, they typically have a p-type base

doping.

The entire back side of the semiconductor subsitnaty be aluminum coated or a portion
of the back side may be aluminum coated, such fsroa grid. Such back side metallization
may be provided by a variety of techniques knowth@art. Typically, an aluminum coating is
applied to the back side in the form of an eleathycconductive aluminum paste or may be
aluminum-containing paste which may also includepimetals such as silver, nickel,
palladium, copper, zinc or tin. Such conductivetpa typically include conductive particles of
the metal embedded in a glass matrix and an ordpmiler. The conductive pastes may be
applied to the substrate by a variety of technigeesh as screen printing. After the paste is
applied, it is fired to remove the organic bind€iring is typically done at temperatures of 600
C to 800 C. When a conductive paste containing aluminuase, the aluminum patrtially
diffuses into the back side of the substrate, aséd in paste form containing silver or another

metal, may alloy with the silver or the other metdlse of such aluminum-containing paste may



electronic signal. Drop-on-demand may be divided into a piezoelectric ink jet method where pressure is
generated by using a piezoelectric plate causing g mechanical change by electricity and a thermal ink jet
method using pressures which are generated by the expansion of bubbles produced by heat.  In
contrast to the inkjet printing method, the aerosol method first forms an aerosol of the etch resist. The
aerosol is guided to the semiconductor substrate via a pressurized nozzle with the pressurized nozzle
being maunted to.a print-head. The aerospl is mixe ‘wir%&d}‘ ing and is transported to the
pressuriz'ﬁlof% ﬁ(g\éyezlteﬂmrg%bsé%%%%o oﬁarr%.[ ?ﬁ%eoars%evg%%o% sing g§§§® His;:g)]e%r%f‘svéP h%géteca:(}? egis@ eéduces the
probabilitye gfariedtirg tHgpeorediers) d riseeals ep tie dbomaition o finer oroenytta skl sequenter aspect
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hot melt etch resi | C inkj 2 allow the
resists to be usgI %ﬁf&éﬁﬁs‘?ﬁ%ﬁ gﬁ%ﬁ%@%ﬁfgﬁﬁz%i‘ﬁ ﬁ?et h %é?gﬁg%%ﬁ@%ﬁ%%%der \Ilgw
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formulation. ‘Accordingly, UV application steps and other conventional hardening steps or curing are

eliminateth @ Hionheigrcahdte Wadende pders apdistoaRIdhbared egirstanslpEitem ere Wafeniwitiation
on the thglﬁs}@:}éﬁ&mremgqgaé’%ger }Bﬁ%@ﬁ@qgmm@mg&)q%p etch resists are selectively

applied to a coating of SiOx or silicon rﬁgrlde to form current lines having widths of 100 j.tm or less, or

such as from 8ONHRAR- kb @ CBUER G ERIBeP b tRIBRIBH: emilferT-giebaie faRROdiment, the

hot melt etch resists are selectively applied to a surface of a selective emitter not onto an anti-reflective
coating. SEEARAREEFIBJIBFYIG? SORTESHAGN SR YRCRRESHEHIOS daYhgh Suiable dspirgliefidéntrations,

for exampigatHGESARRIHEXHXHD GMiRitAdie! éﬂ%ﬁd&i@é&lﬁ%s{ egleHAY SfoEic@rPRPIge E8atIRGS 60
ohms per squareéﬁglcany, less than 50 ohms per square and more typically less than 40 ohms per

square. TYERGRR A UNRINASONRIESHGHN ¥ EcanE siligevpie 6eRERER plB, (R LILIPIRAL019 cm
3, which fggH (it & RNERE FRAINRNGS Byi9E £ X2EMRE tyRRIRID 8L GRIEHEYDPEE SHiREEn RIGRIY, more 8

than 70 ohms per square, and more typically more than 80 ohms per square. Typically the hot melt etch
resists are W1 ERfIgpRYB Fetave My BsrenasHRM RMBRR Qiieehfiaisss SRS INELBIR sheet

resistanceafesebstiaeiedey inekdnnteliedaniedtirpission eniphiarelungafer the etching

and removal of the hot melt resist. Typically, the anti-reflective layer of silicon nitride or silicon dioxide is
depositeéi’%%?'fl%‘eﬁ%@'%éfé%‘tﬁl@Qﬂif@?é’fﬂf%d%ﬁtﬁﬁ'&h@ SHCeBI QXN IPNEANEPBVEIAR zones of

high dopigsa@nifyvishreliResisisnee o sHEsEDsdraskstizrke ohmic contact with the underlying zones of
low sheet resistance by means of spikes. U.S. patent publication 2010/0218826 discloses such selective

emitters and thaionauiagtiredsiselaigels selddifdBiporiaitaiahiesisis-iaalbctp earpRoNg M ikjeh are
resistant to, in&r@anic acid etches as well as btjﬂﬁered oxide etches. Such materials irmgag,gl?ut are not

limited toP WG R8GO SH PR RENG hd %Q%Fﬁ‘ flEFRHEE %ﬂﬁgli)fﬁ%ﬁe 2hg an
polyamidgnmgenanibatis alevaxiee incthde it mre askdinEn5/0163 7@ |pa We®, 2008190 VeP9 dR@Risble

waxes, fatty acid waxes. Synthetic waxes include, but are not limited to, paraffin waxes, mjcrocyystalline
polyethylg}éaﬁgﬁe@%%gwgw ngﬁ %%SW%MIBHQ% %\é%ylféfﬁ?&%@ypﬁ?eb%
waxes, antkltisairerebiosatewealedtivemiaplyicaaditefiavavestitings dsipiingst grinangsorTagiosty the
waxes used are fatty acid waxes and paraffin waxes and derivatives thereof. More typically paraffin
waxes and QLB HEARe L5V U SR Ve YATIBLRIEh (s Hoe s Ll A BBiosed in
U.S. PatentiNassist Giiod 2ppli&ioh hybidig8tpfihtingarrosol range from 7 cps to 21 cps, preferably
from 9 cps to 15 cps. Most preferably the hot saite applied at viscosities of 10 cps to 12 cps.

The inkjet printing method may be a ammbus inkjet method or a drop-on-demand
method. The continuous method is a printing metlibdre the direction of the etch resist is
adjusted by changing an electromagnetic field wtaletinuously jetting the etch resist using a

pump. The drop-on-demand is a method which diggsetige etch resist only when needed on an



6,268,466; 6,399,713; 6,492,458; 6,552,160; 5,981,680, 4,816,549; 6,870,011, 6,864,349; and 6,956,099;
as well as U.S. Published Patent Application 20040186263, which are hereby incorporated, in their
entirety, herein by reference. Examples of commercially available polyamide resins are Sylvaclear(r)
2612, Sylvagel(r) 5600, Sylvagel(r) 6100, Sylvaclear(r) 100, Sylvaclear(r) 100LM, Sylvaclear(r) C75v,
Uniclear(r) 100 and Uniclear(r) 100v. All are obtainable from Arizona Chemical Company, Jacksonville,

the art RS o A O LA Iy e AL B et i R Rt
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dihydroabpistituaeidi §g pestbable) and tetrahydroabietic acid. The average weight molecular weight ranges
from 300 to 308, or such as from 302 to 306. The acid number is at least 150, or such as from 155 to 200,
or such as from IN7EPEragbtMigeiokiey RRdisia Betbivedamaoime thossifshitsripianagansolrizf Anel

Phms elliadii. osin. | - . j ” . ) . Do ;
tapped frg%mg\i\%#ﬁiggs{.é V@éﬂ%ﬁ%@@%@ﬁgﬂ gy extracting pinﬂgag‘téu?n%{o]g rvk\%t?:é %E‘g%rg;ﬁéﬁr? digﬁniqng off
the volatilb&RiaRsVITZEd gIPRZtR hrtduaasities fa@ipratibAde ar oS oHiFdRIGe Hamid EcUsEIGURRY be

obtained gomAgLGRING REEHHIAECH RSN iRl MALYR GEUSERSEN. 'aedReerTEIE iRy pl pdls disclosed

in the literature. An example of a commercially available partially hydrogenated rosin resin is

STAYBEdisrmmsaa mar@@éﬁ@@gtwnmﬁa@|@rﬂ4@abimngdbmam@qsmaw&twnﬁh&aim@ available
partially BYHERGRRALR i FRPIRUESIN Facks R Ht CaBatiy hah CRTATBATHR|M %ﬁéﬁ%é@"y hydrogenated

rosin is FORALTM AXE. In general, hydrogénated rosin resins may be included in the hot melt etch

resists in amountQf BERGHRIIRAh e8RS R AN HaRpRHAN AT A Y RSN e M GH AR ITOM

25wWt% to 28wt%.  When the hot melt etch resists include one or more hydro%enated rosin resins, they

typically RiciaIPeriWemetdatly anriess sarefanabboPBEIM oG RGP iRIEBBIWINMBRS RelieiCinear,
branchedx; siecliecalipyh IR Alifah BEPHIRRAY BT § 1T AR Rth eI ele B didries24i6@ s atoms

and M is hydrogen or a counterion such as sodium, potassium, calcium ammonium or NHy(CH2CH20H),
where y sAdiiafe RRdRad omestikigherintipadmrdaiegsthe sieh fasly s angaaenslit e not
limited toy faBFYbMasithRARTIFSSIOT iRUABIaAIH WiOHEie agiRl yAlRIH s ApRiaatfbpalaitieAeid and

stearic acid or salts thereof. Typically, the fatty acids are chosen from lauric acid, linoleic acid, myristic

acid, palfBSHERCE LI K00 EPIESHNS FRAUDY PrefiINRAtHE Y, AAGHESLE CIRSSIHNHON RAFBECHR:d,

palmitic aeighfed sRiedhsrariiatbah REd0AGIHE IO valiifieresidrvarmristiaiebaleaiigR and greater,
typically, from 215 to 250 (mg KOH/g). Many of the fatty acids or salts thereof may be derived from

natural ofl&'dGBMESHRRAMS, Gdhae < CslIBUN R 050 yeEMb ndSisdnat &St Terisis At Wasisedaits

and mixtusagsege RitABLGATHBRSGEMG Availaitmh G fBRoLEaciErR iRy AtAMOWAS ke wibtAdas, 10
art. In general, such fatty acids and salts thereof may be included in the hot melt etch resists in amounts

of at leasyBiSathh, HedRaRIHRI T ERIS BIBRHISEHIRIRIISHAS RARRHEKIS RI@5RugoN Nitrde to

form current lines having widths of 1@@n or less, or such as from 8fh to 20um, or such as

from 70um to 30um.

In an alternative embodiment, the holt mteh resists are selectively applied to a sefac
of a selective emitter not onto an anti-reflectveating. Selective emitter layers of
semiconductors include zones of high surface dopamgentrations, for example, more than
5x10"° cm®, which results in a sheet resistivity of, for exge less than 60 ohms per square,
typically, less than 50 ohms per square and mqueaily less than 40 ohms per square. The
adjacent zones of low surface doping concentragmasfor example, less than 1X16m?,

which results in a sheet resistance of, for exammtae than 60 ohms per square, typically more



Optionally, the hot melt etch resists include one or more optical brighteners. Conventional optical
brighteners, such as fluorescent whitening agents, may be used. Such optical brighteners include, but are
not limited to, 4,4'-bis[2-(2-methoxyphenyl) ethenﬁ]-l,l‘- biphenyl; 1,4-bis(2-cyano styryl) benzene;
2,2'-(1,4-naphthalenediyl) bisbenzoxazole; 2,2'-(2,5- thiophenediyl)
bis[5-(1,1-dimethylethy0]-benzoxazole; 2,5-thiophenediylbis(5-tert-butyl-1,3- benzoxazole); and

2,2'-(1,2-gth ivldi-4.1-phenyl ' : f iall il fl
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range frolfacksraresgleciinatly fors0e0 oveutteazofomdihiguingodow shetarsiatinoay Hutucle wm or
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anti-reflettie patairigHdicaliamgldl WD2haB2Gadisclefragisetdotivie g viiicoandttirirthestdaicigre in
typically tbr8|g ]é%(ﬂéeconds to 300 seconds. When the anti-reflective coating is silicon dioxide, the etching
time is typlca[ly rom 30 seconds to 180 seconds.  Inorganic acids include, but are not limited to,

hydrofluoric acidmy HGRIate AR deSHILIRRARIS HiimasIdALH BFB’P@EIQ{%%%EV@MH%EP& ierganic

acids are provided in aqueous form as a concentrated or dilute aqueous solution. Preferably, the
inorganicBacideis &5/ BrifRIGECOXHE TIeEeR0rGaltit BIEHRNSISHSOMCAIBSPINIEHIBHAS WENRS SHTDAN of

the etchaty 14 walbe RAMPIR ARG MBS WaIE-3! FRMRIMREIANTe ARG SRR RPAIGIR VIR Agrganic

acids such that there are no stability problems. Such polydls include, but are not limited to, glycols, such
as polyhydrikes|ddtbre soehais @Wiéfﬁ&egmpﬁ%e wm@pw%mwﬁablgw%o%w@ng
glycol, bupieae giaah AAMRYRASNRGINRS LUPAPPVE NI Ph A AFPRMLES ShERIcAREMlKeerin. Typically,

the polyol is chosen from ethylene glycol and propylene glycol. Such polyols may bé included in the
etchant iR@AXRIONIENST REXEBY RIINRFRPEERAVBY D Rl DEBdaEN S RevelDYEpe a6ififeWsX@o by

volume, QoRHCEES/FERIBs> QY ¥Oeme ish APV Ot iBRrinaddified waxes include derivatives of

waxes. Typically the waxes used are fatty acidesaand paraffin waxes and derivatives
thereof. More typically paraffin waxes are us&kamples of polyamide resins which may be
used in the hot melt resist are disclosed in UgBeit Nos. 5,645,632; 5,783,657; 5,998,570;
6,268,466; 6,399,713; 6,492,458, 6,552,160; 5,9%%,8,816,549; 6,870,011, 6,864,349; and
6,956,099; as well as U.S. Published Patent Apjpdic20040186263, which are hereby
incorporated, in their entirety, herein by refern&xamples of commercially available
polyamide resins are Sylvaclear® 2612, Sylvagel®X%ylvagel® 6100, Sylvaclear® 100,
Sylvaclear® 100LM, Sylvaclear® C75v, Uniclear® 1&@d Uniclear® 100v. All are obtainable
from Arizona Chemical Company, Jacksonville, Flarith.S.A. Waxes are included in hot melt
etch resists in various amounts which are well kmawthe art and literature. For example,
typically fatty acid waxes are included in amouetprovide an acid number of 50 to 400 or
such as from 150 to 300 (mg KOH/q).

The hot melt etch resists may include onmore hydrogenated rosin resins which

include as a main component hydrogenated or pgrligtirogenated rosin acids or salts thereof



In addition to the inorganic acids and polyols, ammonium compounds may also be included in the
etchant. Typically, the etchant includes one or moge ammonium compounds. Ammonium compounds
include, but are not limited to, ammonium fluoride and ammonium bifluoride. Preferably the ammonium
compound is ammonium fluoride. Typically the ammonium compounds are provided as agueous
concentrates or as dilute solutions. Such ammonium compounds may be included in amounts of IOwt% to
40wt3% of fie eehantny o] YRIGRINANENA0 armonim sampannd s ingiifed i (e pihanya volume
ratio of ammonium compoung 0 Inorganic acid varies Pro 4o R yplc%(ﬁy efthant is aqueous
ammoniuBadietiMOahu/ito) acphrraydhogeea fiuokils ai sonodusmiea tiviBAnmeottimivéd 0ol kevodimdtticone or

whon etchin PRI S o, ool MR U A A IOSRR o

melt etchtetrsiby b dadreticippiel] fidve dvesgeaivadoctoosuibdtigiod rahgelsdronelBefctoradBt s strippasl with

h . ) i ali . : :
inciuded TS i og ot S HIMSUHE & TS HRaTIcR S FOMPLES Bog Bnatoh SR
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as from Quy %ﬁb??é&é%o@ﬂ?i@%%s%%gﬂ&@@ﬁ HEdS G F@@E}W ?%P;g&?ﬂir‘f%??&?ﬁ% e ggposition
while the potassium silicate is included primarily to protect the aluminum containing electrodes on the
back siddasfithd Bemitvingtessuliéoate agmisarbtsiopbithactivgeurenstrenastiiddnmapneiacoded in the
stripper campasilionsh NGy Afif RelUESS 'W%P@E-@?Qd%@!y%&r%ﬁﬂk% I3peg Qjithe 12 stripper

compositlon IS Water. e strlpplng COfT]pOSItIOI’]S re used at temperatures rom room temperature to
70 C or ddyHragémme80 CSitd BGICS Tyqychéhobirineth peranigseiaaxtjediethiorCheib 0 Sirispineemay

take from,fi ' [ S [ nping:ranges from
T5 secon o e a0 oo
even at regailadiepeadiaty. Wihogaematedtsosi nagsisinr s BE WAERapehyolr deercttesia onby aeailainien the
semiconguctor but e i from the semiconductor trate with er tripper... .
compost b e e ) AR Bl BB 200
g/L of posEsivBEidiiERaResindE0/ Cogimtr&Gally bvdiladtieskilyrhsit cogeedinosimisdaDRAgeMAXay be
included |n the concentrate or they may be added as needed in the diluted working compositions prior to
ctipping AWHAHE Ay VAT 2 2B T ie ) TRE NG RO G SO U, PrSDRL) the
antifoam efgpreistareractdeddquaktdiR 0adostrpsratoaspRemoys po @owtstyiopisgei bs froma?petod tmth the
concentrzg}g@d the diluted working stripper compositions is from 8 to 12 or such as from 9 to 11.
Typically Pt ranges from 9 to 10.

When the hot melt etch resists include or more hydrogenated rosin resins, they
typically include one or more fatty acids or sé#ftsreof having a formula’®00-M where Ris
a linear, branched or cyclic alkyl or alkenyl grdugving 7 to 48 carbon atoms, preferably 12 to
24 carbon atoms and M is hydrogen or a countetich as sodium, potassium, calcium
ammonium or NK(CH,CH,OH), where y and z are integers from 0 to 4 and their s always
4. Such fatty acids include, but are not limiteddaprylic acid, capric acid, lauric acid, linaei
acid, myristic acid, oleic acid, palmitic acid astéaric acid or salts thereof. Typically, theyatt
acids are chosen from lauric acid, linoleic acigristic acid, palmitic acid, stearic acid and salts
thereof. Preferably the fatty acids are chosem fnayristic acid, palmitic acid and salts thereof.
Such fatty acids and salts thereof have acid nusnte200 and greater, typically, from 215 to
250 (mg KOH/g). Many of the fatty acids or saliereof may be derived from natural oils, such
as marine, rapseed, tallow, tall oil, soy, cott@asand coconut. Such fatty acids, salts and

mixtures are either commercially available or maytanufactured by techniques known in the



Antifoaming agents include, but are not limited to, vegetable oils, such as soybean oil, long chain fatty
alcohols, such as C7-C22 fatty alcohols, silicone hased antifoams, such as polydimethylsiloxane, silicone
glycols, fluorosilicones and ethylene oxide/propylerie oxide copolymers. Examples of commercially
available antifoams are ANTIFOAM 2750-1 (available from the Dow Chemical Company), ANTIFOAM
1430 (available from Dow Corning) and 11,000 FOAMEX 835 (available from Evonik). A layer of metal

is then deposjted on the fr ide current lines. Typicall iy ste | lied tg the current lines and
frec. THEe & baSIE ATGa By et e e B e AR S R
include, lumavatsorfliatiteastiosswWies, ooppeh asdmmiok@Ovtileiestros siitheambing awsietir8Rstdhath,
plating is done without application of external current. If the source of the metal is from an electrolytic

bath, a rear sideQqitendby (tbettietme kgt dasisiRigientioeraiutwievartedUpiakignargamples of
commerdci ' ' bat : E%?a@f I T M 980
and PM %H@@%fﬁﬁ%[&?@%@ﬁgI%a?fb@%%%%@ﬂ%&%ﬂghs a edt\ééa %I%IC'KEEL}CC@LEAMTm
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CO”“”UO%%HEM%%%),THH&%{Q‘@@UQ%E%A\%MEEEE- inhe) mial pkaiag Hath andhliglid g ppplied to the

semiconductor resulting on metal plating in thé current lines.  Light sources include, but are not limited to,

incandeseemmatiially Evailghte (Itg:fteéﬁﬂﬂtnwt@mmﬁmﬂémdéPfWééVéﬁE?éM@%ﬁyr&ibﬁlamps,
halogen lamps-Aad (PSREEB L ANKEP LS FSRMEGORIUSIRIP YD A8 RGN ARR 7 SHIRSHYSEMEIRErdMRay

anti-reflective coating Is deposited over the entire’selective emitter layer by, for examp?e, plasma
enhance@eReheanadbedrposial et se Fints d0 rrane aR{EI widate A wiked sssbhassigmitaRwse
screen pERNE,HsHNg silver-particle-containing thick-film paste onto the high doped zones over the
anti-reflective coating. The semiconductor substrate is then fired using conventional methods know in the

art such that therprinéechantawaHdraskRrereiRIe dnaicibrsiiBstiueecRrina dhotake IP BRI eiact with
the zones of high doping. Ha)‘é;yg_lcal current densities are from 0.1 A/dm2 to 5 A/dm2. The particular

current ré§IRENBYL 59 BRI PR RES8ISS BRI IETEPY S, FPlE MLRed IkBRY BiBcesses

g;ﬁ{d a{ﬁtﬁ(@%ﬁﬂ@ﬂ%- rEBIERIY irRUGHEMIRIRIdAYBFS SRaRsERa 4B I SRR imaie bRy afiom Sm to
m Igel'ectively applying by inkjet printing, aerosolusing conventional spray apparatus. The

etchant may be applied at mild temperatures. teietperatures range from room temperature to
50° C or such as from 25° C to 40° C.

The etchant may include one or moreganic acids and one or more polyols with the
balance water. Etching time may vary dependinthercomponents and concentration of the
components in the etchant as well as the type tfaiftective coating. For example, when the
anti-reflective coating is silicon nitride the eitafp is typically from 180 seconds to 300 seconds.
When the anti-reflective coating is silicon dioxidee etching time is typically from 30 seconds
to 180 seconds.

Inorganic acids include, but are notitgd to, hydrofluoric acid, hydrochloric acid,
sulfuric acid, nitric acid and phosphoric acid. pically the inorganic acids are provided in
agueous form as a concentrated or dilute aquedutsoso Preferably, the inorganic acid is
hydrofluoric acid. The inorganic acids may be ugd in amounts of 1wt% to 20wt% of the

etchant.



The following examples are included to illustrate various aspects of the invention but are not intended to
limit the scope of the invention. Examples 1 A hot melt inkjet resist having the formula disclosed in the
table below was prepared. COMPONENT AMOUNT Partially hydrogenated rosin resin' 24.9wt% Myristic
acid

The polyols are water soluble at roompgerature and are compatible with inorganic
acids such that there are no stability problemsch$olyols include, but are not limited to,
glycols, such as polyhydric alcohols, such as etig/iglycol, polyethylene glycol, propylene
glycol, polypropylene glycol, butylene glycol, pblytylene glycol, dipropylene glycol,
tripropylene glycol, and glycerin. Typically, tipelyol is chosen from ethylene glycol and
propylene glycol. Such polyols may be includethi& etchant in amounts of 20% by volume to
80% by volume, or such as from 40% by volume to T%olume, or such as from 50% by

volume to 60% by volume.

In addition to the inorganic acids amdlypls, ammonium compounds may also be
included in the etchant. Typically, the etchamiudles one or more ammonium compounds.
Ammonium compounds include, but are not limitedatmmonium fluoride and ammonium
bifluoride. Preferably the ammonium compound isvamium fluoride. Typically the
ammonium compounds are provided as aqueous coateEnor as dilute solutions. Such

ammonium compounds may be included in amounts wt%o 40wt% of the etchant.

Typically when an ammonium compoundiduded in the etchant a volume ratio of
ammonium compound to inorganic acid varies fron116:4:1. A typically etchant is aqueous
ammonium fluoride and aqueous hydrogen fluoride alume to volume ratio of 10:1 to 4:1
with one or more polyols in amounts of 40% to 604vblume. The balance of the formulation

may be water.

When etching is complete, the semicotatumay be rinsed with water to remove any
etchant. The hot melt etch resist is then strigfpaa the semiconductor substrate. The hot melt
etch resist is stripped with the potassium carlmaatl potassium silicate aqueous alkaline
composition. Potassium carbonate is includedersthipping compositions in amounts of 5 g/L
to 50 g/L, or such as from 10 g/L to 30 g/L. Petam silicate is included in the stripping
compositions in amounts of from 0.1 g/L to 10 gflsach as from 0.5 g/Lto 5 g/L. The
potassium carbonate is the primary stripping corepbof the composition while the potassium
silicate is included primarily to protect the alunum containing electrodes on the back side of
the semiconductor substrate from corrosion. Whenar more antifoams are included in the

stripper compositions, they are included in amoofht.1 g/L to 10 g/L. The balance of the



75wt% 14 2,5-thiophenediylbis(5-tert-butyl-1,3- benzoxazole)2 0.1wt%
12

stripper composition is water.

The stripping compositions are useceiperatures from room temperature to 70° C or
such as from 30° C to 60° C. Typically, the tenaperes range from 40° C to 50° C. Stripping
may take from five minutes or less or such as foma minute to 15 seconds. Typically
stripping ranges from 15 seconds to 45 second§p8tg of the resist is substantially complete.
The resist remains in solution even at room tentpega Minor amounts of resist residue which
are not detectable may remain on the semicondbatamay be rinsed from the semiconductor
substrate with water.

The stripper compositions are initiathade as agqueous concentrates. The concentrates
include from 150 g/L to 300 g/L of potassium caréi@nand from 5 g/L to 50 g/L of potassium
silicate. The antifoam agents may be includedhédoncentrate or they may be added as needed
in the diluted working compositions prior to stripg. When they are included in the
concentrate, they may range from 1 g/l to 20 gfipically the antifoam agents are added to the
diluted stripper composition prior to strippingh&d pH range of both the concentrate and the
diluted working stripper compositions is from 81t or such as from 9 to 11. Typically the pH
ranges from 9 to 10.

Antifoaming agents include, but are limoited to, vegetable oils, such as soybean oill,
long chain fatty alcohols, such asC,; fatty alcohols, silicone based antifoams, such as
polydimethylsiloxane, silicone glycols, fluorosiices and ethylene oxide/propylene oxide
copolymers. Examples of commercially availabléfaatns are ANTIFOAM 2750-1 (available
from the Dow Chemical Company), ANTIFOAM 1430 (dabie from Dow Corning) and
TEGO® FOAMEX 835 (available from Evonik).

A layer of metal is then deposited omfilont side current lines. Typically a silver fgas
is applied to the current lines and fired. Thisygically followed by light induced metal plating
which is well known in the art. Metals, includeytlare not limited to, silver, copper and nickel.
If the source of the metal is an electroless hatting is done without application of external
current. If the source of the metal is from arceldytic bath, a rear side potential (rectifies) i
applied to the semiconductor wafer substrate. Eesnof commercially available electroless
nickel baths are DURAPOSIT™ SMT 88 and NIPOSIT™ 280 and PM 988. Examples of



ISTAYBELITE3 A typical composition and properties: abietic acid <3wt%, dehydroabietic acid 6-10wt%,
dihydroabietic acid 60-80wt%, tetrahydroabietic acid 5-15wt%, other resin acids and neutrals 10-15wt%,
softening point, Ring Sz Ball, C = 65-69, acid nu r 158-160. 2UVITEX OBTM: optical brightener.

The hot melt was placed in the reservoir of a DirectMaskTm DoD 300 Inkjet Printer (obtainable from
Schmid GmbH, Freudenstadt, Germany). The temperature in the reservoir was raised to 75 C to melt the

hot melt etch resist. The resist w lectively pri nthesik djoxj Qating. of onocrystalline
silicon W§ ara erg)%%l)fegn\%g?giﬁrg%)é ?gr%{ Igﬁvqgepa%%r% &(')Jhne thﬂe wa Iéram%&'\%t mscaq%g?c%f::esist was
allowed telecwbtgtioproderniperai@mples bhmanmercibiligiadier coipip ¢helectnoglighbabistanas
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resist Wa8t§%{7h%‘b‘?$ eféf}mt %aéj{dq N%é%%i%&% el\)i“af{ér%%ﬂ PO 6, IS MRk ys  The

method was repea wo additional wafers. One was ersed in the stripper composition at 45 C

and agitated. ARG AR SRGAY %3'1:.8?&%6%@%#*531?3@0%%?&i“cEBHHHZﬁd?’%%ﬂ%'%?s%%cﬂ‘ﬂ’mé"ﬂ{@f as

immersed in the stripper composition at 50 C and agitated for 20 seconds. After 20 seconds, no resist

residue RialingsealR andliititiqh emplieddariner semBMums B oM A platnoTe, the suissIhg.
composigya.ermpyadall AL mERSIRL o R IRh IR SRENELGINARCoRERY IR g priods withowr

any observable traces of resist r ft on the wafers. Examp ree monocrystalline silicon
wafers wRMELERHRE viRirerasldativesy friptescetdammaarcHrnpaiera. WialtgrNHeMmpslpatt IpeeI’st of

Example 1 above. The hot melt etch resist was printed with the apparatus as described in Example 1. The

printed resist wadReEnRA SREHGBNEBIILRS Fohistiaia ashaipelartveparifer, the anti-reflective coating

is deposited over the entire selective emitterdéye for example, plasma enhanced chemical
vapor deposition step. The current tracks are fingnied, such as by means of screen printing
using silver-particle-containing thick-film pastato the high doped zones over the anti-
reflective coating. The semiconductor substrataes fired using conventional methods know
in the art such that the printed on current trgeksetrate the anti-reflective coating to make
ohmic contact with the zones of high doping.

Typical current densities are from 0.1 A/l 5 A/dnf. The particular current
requirement is dependent upon the particular dizeeowafer used. The electroplating
processes used are conventional. Typically, suetalntayers range fromuin to 5Qum, more
typically, from 5um to 25um thick.

The following examples are included to illustratgigus aspects of the invention but are

not intended to limit the scope of the invention.

Examples 1

A hot melt inkjet resist having the farla disclosed in the table below was prepared.

COMPONENT AMOUNT

Partially hydrogenated rosin reSin 24.9wt%

Myristic acid 75wt%




15 The sheet resistance of each wafer was determined. The sheet resistivity of the wafers ranged from
60 ohms per square to 65 ohms per square. A 4-ppjnt resistivity probe from Jandel Engineering Ltd. was
used to measure the sheet resistance. One wafer Was immersed in an aqueous solution of 5 g/L
potassium hydroxide at pH 13, the second was immersed in an aqueous solution of 10 g/L sodium
carbonate at pH 11 and the third wafer was immersed in an agueous solution of 10 G/L potassium

carbonate-atpH -]ﬂq#roﬂﬂee te.'aﬁl“%rash ire otf_“a“.‘?_icégtion was-50-C—The dv@l' \t/{/.?.a)e for-each-waferintheir
respective soFu lonsakas m%uie‘g‘;. %[ o@lt'h)é re8ist was removed from each wafer.  The wafers [were
removed from their solutiemzaxakzoided with water. The sheet resistance of the emitter layer of each
wafer was then measured. The sheet resistance of the wafer treated with the 5 g/L potassium hydroxide
increasedSFoMBENITiGA 65ick Gsnpesiteuare twpetieh ofidb S perysmaretichse @afertteated with 10
g/L sodiu‘ﬁ'ﬂ%?BBiﬁﬁ?@?ﬁg@@ﬁ@é@?réﬁﬁﬁ%@%gﬂgﬁ%aﬂ{%e%emeéiﬁ@@%é&“%‘ﬁé‘i’é‘?‘#ﬁémpﬂf@med with
10 g/L p&%\'ggiBWchéPﬁ‘ghgté ﬁ?é?ga%%% WO B0 S HTS per square to 65 ohms per square. The sheet
resistivity @Y e eRBrLriatdideRahe sodium and potassium carbonates showed little change in sheet
resistivity in comparison to the wafer treated with potassium hydroxide. However, when the sodium
carbonate solution with the solubilized resist cooled to room temperature, the sodium carbonate solution

formed a gel. InTigatiasimeherathplackaskitheadmnatesiaivmuity the Daooilinkreistiepoled to
room te rature the solution remained clear gnd flowable indicating that the potassium carbonate
Stripper V2R BB RepE I STODH SoTGHORE A e 1 R RS AR (e e e 95380
nm) mongeggsiatims siicenefehwitoenitiit pobtieEns @-istuwmis wel ataotgderipndtsdratiesiiliz orade
from conventignal screen Erint aluminumwtiaste was weighed on a Sartorius anrflgl¥tical balance from

Metler TSRS GO2L A REABPRPSYBFANSOHIAN SYBIRUD AT RRBAIUIE. PHE"Bo AR sHinPRBnate

solution kadthepivadé A 1 Tnsl Hbe e pechtuesivtanaddllotwecbot to ateynv asnipenarseddandieasddution for 10
minutes with agitation. During immersion hydrogen gas bubbles were observed forming at the aluminum

electrode indicalihg thafaheitiothsshoh roaibetwitecsass dornoeiingd e &lscippde .cohgpositaonvwakiochmeasd

from the ES}HB%EE& gf 10 g/L potassium carbonate and 1 gidspmum silicate with the balance water.

The temperature of the stripping composition was@@nd the pH was 11. The wafer was
agitated while it was in the stripper compositigkfter 60 seconds all of the resist was removed

from the wafer. No resist residue was observablehe silicon wafer.

The method was repeated with two add#iovafers. One was immersed in the stripper
composition at 45° C and agitated. After 40 sesatof the resist was removed from the
wafer. The second wafer was immersed in the strippmposition at 50° C and agitated for 20
seconds. After 20 seconds, no resist residue bsareed. Although the amount of stripping
time varied with temperature, the stripping composiremoved all of the resist from the wafer
within commercially acceptable time periods withany observable traces of resist residue left

on the wafers.

Example 2

Three monocrystalline silicon wafershwitN junctions were selectively printed to form
an “H” pattern with the hot melt etch resist of Bxale 1 above. The hot melt etch resist was
printed with the apparatus as described in Exarhpl€he printed resist was then allowed to

cool to room temperature and harden.



rinsed with water, air dried and weighed. The weight of the wafer decreased by 0.2wt%. The weight loss
further indicated that the aluminum electrode was py the potassium carbonate solution. Example 4 A
deep emitter monocrystalline silicon wafer with a junction and an aluminum electrode on its back side
made from conventional screen print aluminum paste was immersed for 10 minutes in an aqueous
solution of 10 g/L potassium carbonate and 1 g/L potassium silicate at pH 11 and at a temperature of 70

C with agitationJhere was no_observabl hle formation fr he _aluminum electrade, The addition of
{ho potassiam ST e e O e R el TR e R RS 3 e el
solution ceopebtiroov60tempsrpaireq tsestiuiio o hemsgireddidavaplardne skaityT peyberasmd ahderrvable

lling of the.solution. | ) ter wi T
cetectvely et Ao T o M B R e SR T Do
300 inkjeapuiates Thiitiivoh vgfenaitas somalnyeticnds athptdthreetecoodevas it iveckegide. arhe aluminum
I d f] jonal [ hen it I /L
coluion SH S ol g 8 e By e T My TS S e
was 40 Gpeaus sotuliens of tHe @Edtausiassibye csxidenidididlds Weectebhpenasdrgefearathgalototheas

aluminung gl ”Qﬁg? E\W@ Mg ?88}‘383&? RLFAIRIRD ARG L8NG AHETIALS RifitRde RY Higpetassium

hydroxide.” 17 What is claime
resist was removed from each wafer.

The wafers were removed from their Sohd and rinsed with water. The sheet resistance
of the emitter layer of each wafer was then meakufiée sheet resistance of the wafer treated
with the 5 g/L potassium hydroxide increased fromratial 65 ohms per square to a high of 155
ohms per square. The wafer treated with 10 g/liusedarbonate increased from 65 ohms per
square to 70 ohms per square. The wafer treatibdl@ig/L potassium carbonate increased
from 60 ohms per square to 65 ohms per square.sfdwt resistivity of the wafers treated with
the sodium and potassium carbonates showed litdlage in sheet resistivity in comparison to
the wafer treated with potassium hydroxide. Howgewden the sodium carbonate solution with
the solubilized resist cooled to room temperattive sodium carbonate solution formed a gel. In
contrast, when the potassium carbonate solutidm thé solubilized resist cooled to room
temperature the solution remained clear and floevatdicating that the potassium carbonate
stripper was stable and kept the resist in solution

Example 3

A deep emitter (deeper than 250-300 mm)ocrystalline silicon wafer with a PN
junction and an aluminum electrode on its back sidele from conventional screen print
aluminum paste was weighed on a Sartorius analytalance from Metler Toledo. It was
immersed in a 10 g/L solution of potassium carbendthe potassium carbonate solution had a

pH of 11 and the temperature was 70° C.

The wafer was immersed in the solutmnlf0 minutes with agitation. During immersion
hydrogen gas bubbles were observed forming atltimimum electrode indicating that the

potassium carbonate was corroding the electrodie Wwiafer was removed from the solution,



1.A method comprising: a) providing a semiconductor substrate comprising a PN junction, an
anti-reflective coating on a front side and an electrode comprising aluminum on a back side of the
semiconductor substrate having the PN junction; 1 b) selectively applying a hot melt etch resist to the
anti-reflective coating on the semiconductor substrate with the PN junction; c) applying an etchant to
exposed portions of the anti-reflective coating of the semiconductor substrate with the PN junction to

oo PRI AR A 85 SRl leRe IR SSIeRly e sxpesig 1o S S e the
semiconductor substrate with the junction; and pplying a stripper comﬁfrlsmg potassium
carbonateeigt doss fintinesilicdicate dHb actimécahuhictonsiiag e ava with tie Fatgssictiocacb@miye the hot
melt etchSBqai[%rﬁrom the anti-reflective coating. 2.The method of claim 1, further comprising a step of
depositing a metal on the selectively exposed front side of the semiconductor substrate having the PN
junction to form current tracks. 3.The method of claigkil;lﬂﬂérfin the stripper further comprises one or
more antifoaming

A deep emitter monocrystalline silicoafer with a PN junction and an aluminum
electrode on its back side made from conventiotr@en print aluminum paste was immersed
for 10 minutes in an agueous solution of 10 g/lapstum carbonate and 1 g/L potassium silicate
at pH 11 and at a temperature of 70° C with agitatiThere was no observable bubble
formation from the aluminum electrode. The additad the potassium silicate inhibited
potassium carbonate corrosion of the aluminum mldet When the solution cooled to room
temperature, the solution remained flowable andrcl&@here was no observable gelling of the

solution.

Example 5

A deep emitter monocrystalline silicoafer with a PN junction was selectively coated
with the hot melt resist as described in Exampdddve using the DirectMask™ DoD 300 inkjet
printer. The silicon wafer also contained an alwm electrode on its back side. The aluminum
electrode was made from fired conventional alumimaste. The wafer was then immersed in a
5 g/L solution of potassium hydroxide. The potasshydroxide solution had a pH of 13 and
the temperature was 40° C. After 3 minutes inpgibiassium hydroxide, bubbles were observed
generating from the aluminum electrode. This vmalscative of corrosion action on the

aluminum electrode by the potassium hydroxide.



agents. 4. The method of claim 1, wherein the pH of the stripper composition ranges from 8 to 12. 6.The

method of claim 1, wherein a temperature of strippij?g ranges from room temperature 18 7. The method
of claiml, wherein the hot melt resist comprises ore or more waxes and one or more hydrogenated rosin
resins. 8. A stripping composition consisting essentially of potassium carbonate, potassium silicate and

water. 9. The stripping composition of claim 8, further having one or more antifoam agents.

What isclaimed is:

1. A method comprising:

a) providing a semiconductor stdistcomprising a PN junction, an anti-reflective
coating on a front side and an electrode compriglagninum on a back side of the

semiconductor substrate having the PN junction;

b) selectively applying a hot neith resist to the anti-reflective coating on the

semiconductor substrate with the PN junction;

c) applying an etchant to exposedipns of the anti-reflective coating of the
semiconductor substrate with the PN junction toaee the exposed portions of the anti-
reflective coating and selectively exposing thenfreide of the semiconductor substrate with the

PN junction; and

d) applying a stripper comprispmassium carbonate and potassium silicate to the
semiconductor substrate with the PN junction toaeethe hot melt etch resist from the anti-

reflective coating.

2. The method of claim 1, further comprisingepsdf depositing a metal on the selectively

exposed front side of the semiconductor substm@tengy the PN junction to form current tracks.

3. The method of claim 1, wherein the strippethfer comprises one or more antifoaming
agents.

4, The method of claim 1, wherein the pH of $bi@per composition ranges from 8 to 12.
6. The method of claim 1, wherein a temperaturgtigbping ranges from room temperature

to 70° C.



10. A method comprises: a) providing a semiconductor substrate comprising a PN junction, a selective
emitter on a front side and an electrode comprising aluminum on a back side of the semiconductor
substrate with the PN junction; b) selectively applying a hot melt etch resist to the selective emitter on
the semiconductor substrate with the PN junction; c¢) applying an etchant to exposed portions of the
selective emitter with the PN junction to etch the exposed portions; and d) applying a stripper which
includes potassiym. Gahana's Ang Rqassm Sicaledo g SEmIARRLHEBRa RSHaIR WERALSRY dicton
to remove the hot me reS|s rom e selective emitté

or more hydrogenated rosin resins.

8. A stripping composition consisting essentiallypotassium carbonate, potassium silicate
and water.
9. The stripping composition of claim 8, furtheving one or more antifoam agents.

10. A method comprises:

a) providing a semiconductor substrate conrmgia PN junction, a selective emitter on a
front side and an electrode comprising aluminuna dxack side of the semiconductor substrate

with the PN junction;

b) selectively applying a hot melt etch retisthe selective emitter on the semiconductor

substrate with the PN junction;

c) applying an etchant to exposed portionfefselective emitter with the PN junction to etch

the exposed portions; and

d) applying a stripper which includes potasstarbonate and potassium silicate to the
semiconductor substrate with the PN junction toaeethe hot melt etch resist from the

selective emitter.



